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Granitic rock modal data from 

the southern Sierra Nevada, California

SUMMARY

Modal data have been determined on more than 1600 samples 

from sixty seven quartz-bearing granitic units delineated in the 

southern Sierra Nevada (fig. 1). The rock name of each body is 

based on average modal composition, although most bodies range in 

composition, and many bodies comprise more than a single rock 

type. The rock classification used throughout this report is 

that recommended by the IUGS Subcommission on the Systematics of 

Igneous Rocks (Streckeisen, and others, 1973). Using this 

classification, 27 granite, 21 granodiorite, 11 tonalite, and 8 

quartz diorite units are present in the southern Sierra Nevada. 

In addition, a small body of unusual monzonite of unknown extent 

crops out near Erskine Creek. A generalized geologic map of the 

basement rocks of the southern Sierra Nevada at a scale of 

1:250,000 locates and briefly describes 63 of these units (Ross, 

1987b). This map, reduced to 1:1,000,000 scale, is used herein 

to show the extent of individual units and also in a summary 

figure to show the areal distribution of various rock types. 

Modal data for some of these bodies, or at least parts of them, 

have been reported in Ross (in press) along with petrographic 

descriptions. However, in the interest of standardized coverage, 

modal data are recorded here for the entire southern Sierra 

Nevada .

Most modal data were obtained from sawed slabs treated by



immersion in hydrofluoric acid and stained by sodium cobalti- 

nitrite. This technique enables one to differentiate, on most 

slabs, white plagioclase, yellow K-feldspar, clear quartz, 

greenish biotite, and black hornblende. One of my colleagues (a 

highly-placed government official) refers to these stained slabs 

as "half-stained". My experience has shown that the common 

practice of further treating the slabs with amaranth to give 

plagioclase a red stain (Norman, 1974) is unnecessary as it is 

time consuming, messy, and tends to obscure the distinction 

between hornblende and biotite. The advantage of red amaranth- 

stained plagioclase is more than outweighed by the disadvantages, 

and point counting is not notably aided by this stain on most 

slabs .

Point-count mode determination of stained slabs is relatively 

easy and accurate using an even-gridded dot pattern on clear film 

that is taped to a glass plate and attached to the stained slab 

surface with masking tape. A binocular microscope (magnification 

fx30) is used for the point-counting. A slab about 30-45 cm^ is 

generally used, but in a pinch slabs of only about 15 cm^ (or 

even smaller) were counted. For the larger slabs dot spacings of 

2.25 to 2.75 mm are used; for smaller slabs a spacing of 1.5 mm 

is used. Generally 500 to 1000 points were counted on each 

slab. As an experiment, on several slabs, I kept track of the 

total points counted for each mineral at each successive 100 

total points counted. The percentages of each mineral varied 

widely early in a count, but after about 500 points the 

percentages stayed relatively constant, at least for quartz and



the two feldspars in a relatively homogeneous rock. Also 

replicate point-counts were made on several slabs and the amount 

of the major minerals were generally reproducible within two or 

three percent. Determination of the mafic minerals is somewhat 

less precise. For coarse-grained and/or porphyritic rocks the 

accuracy of a point count mode is of course less and averaging 

the results of several slab counts makes a more meaningful mode.

Some modal data were collected from point-counts of 1000 

points on standard thin sections that had been stained to 

accentuate the K-feldspar. The identification of biotite and 

hornblende is more positive in thin section than on stained 

slabs. A comparison of amounts of biotite and hornblende between 

slabs and thin sections from the same body, and in some cases, 

from the same hand specimen, showed some expectable variation, 

but no great discrepancies. This gave more confidence to the 

mafic mineral determinations on stained slabs.

The precision with which a stained slab represents a hand 

specimen and with which the hand specimens represent a pluton 

have been much debated. Most samples collected in the southern

Sierra Nevada are relatively homogeneous, and replicate modal 

counts indicate that major mineral percentages are reproducible

within 2 or 3 percent. Determinations of mafic minerals are 

somewhat less precise. Most of the plutons in the map area, 

except for some of the small granite bodies, have considerable 

compositional variation that is readily observable in the field

and confirmed by modal analysis.

I have assumed that the modal analysis of a large number of



small samples spread over the extent of a pluton will show a 

meaningful grouping of modal points that can then be averaged to

provide the modal composition of the pluton. In a reconnaissance 

study it is difficult to evaluate whether the spread of the modal 

field is true compositional variation or the result of the 

vagaries of inadequate sampling, or both.

For each of the 67 granitic units the following modal and 

distribution data are given:

1) A table of modes listing the volume percentage of

plagioclase, K-feldspar, quartz, biotite, hornblende, 

and also, for some samples, pyroxene and accessory 

minerals. Specific gravity is listed only for some 

modal samples, mostly for those collected early in the 

study, and from the area south of lat 35° 30' north. 

The determination of specific gravity in granitic rocks 

is essentially a measure of the total mafic mineral 

content. For that reason in later studies its 

determination for samples with modes seemed unnecessary.

2) Triangular plots of volume--percent plagioclase, K-

feldspar, and quartz normalized to 100 percent. For 

most units the volume percentage of biotite, hornblende,

and other minerals is plotted on an additional 

triangular diagram, and for some units total feldspar,

total mafic minerals, and quartz are plotted on another 

triangular diagram.



3) Map showing location of modes. These location maps also 

show anorthite (An) content of plagioclase for selected 

samples. The determinations were made with index oils 

using crushed plagioclase grains. Only a relatively few 

suitably oriented grains were measured for each 

sample. Generally the recorded value is that of the 

most calcic plagioclase found. Zoning in the 

plagioclase is ubiquitous, and the anorthite content 

commonly varies by 10 to 20 percent. A number of units, 

particularly in the northwestern part of the study area,

are only partially mapped as will be noted from the maps 

of modal sample locations.

4) Location of unit on a 1:1,000,000 scale geologic map of 

the southern Sierra Nevada reduced and somewhat 

generalized from a geologic map at a scale of 1:250,000 

(Ross, 1987b).

These data sheets for each of the 67 granitic units are 

grouped after the body of the report into an APPENDIX that lists 

the granitic units alphabetically by rock type.

In addition, triangular modal plots summarize the sample 

data for each rock type (figs. 2 to 9). To summarize all the 

modal data, the modal average of each body was plotted on a 

triangular diagram (fig. 10). On each of these summary 

triangular diagrams, contours show the concentration and trend of



the modal fields. The contours, in a crude way, show the 

concentration of modal points relative to an even distribution of 

that many points over the entire triangle. As a comparison with 

the modal field of the southern Sierra Nevada granitic rocks 

(fig. 6), modal trends and general modal fields are shown for an 

area in the east-central Sierra Nevada, and two plots show 

similar data for the California Coast Ranges (fig. 11). The 

trends and fields are quite similar but the trends of the Coast 

Ranges slope somewhat more gently to the right (which reflects 

higher quartz content in the more calcic rocks) than is shown by 

the southern Sierra Nevada rocks. The east-central Sierra Nevada 

trend may in turn slope somewhat steeper to the right (lower 

quartz content of more calcic rocks) relative to the southern 

Sierra Nevada. The differences (?) between these four summary 

trends, however, are subtle at best, and should be used with 

caution in comparing or contrasting the granitic character of 

these areas.

The areas of the southern Sierra Nevada that are underlain 

by granite, granodiorite, tonalite, and quartz*diorite are shown 

on figure 12. The modal average of each body is assumed to 

represent the entire body for the purposes of these figures. 

Probably this assumption is valid, but exceptions have been 

noted. For example, the Dunlap Meadow body is considered with 

the tonalites although its modal average is in the granodiorite 

field but near the tonalite boundary. Most samples, however, are 

in the tonalite field and are rather tightly bunched. The 

anomalously (?) felsic samples have pulled the average away from



the more typically tonalite samples. Other exceptions are the 

fine-grained and marginal facies of the granodiorite of Lebec. 

Both facies plot in the granite field, but as they underlie 

relatively small areas they are lumped with the related Lebec 

body.

Granite is rather widespread and generally in relatively 

small masses. It is noticeably sparse along the west side of the 

Sierra Nevada except in the Sierran tail. Granodiorite dominates 

throughout the southern Sierra Nevada in generally large 

masses. Tonalite forms a restricted belt along the west side of 

the batholith, with the notable exception of the Hoffman Canyon 

body. Sparse Rb/Sr data (Ross, in press) suggest that the 

Hoffman Canyon body may be a contaminated facies of the nearby 

granodiorites , rather than a primary tonalitic intrusive body. 

The modal average of the Hoffman Canyon body is also very close 

to the granodiorite field. Quartz diorite has a limited 

distribution, and is more common in the eastern part of the 

range. The larger eastern bodies are old Triassic remnants 

engulfed in much younger granites and granodiorites and the 

smaller bodies in the central and western part of the range, may 

be related to the gneissic complex in the Sierran tail (Ross, 

1987b).
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Figure 1 . Index map showing area sampled in the 

southern Sierra Nevada, California
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A

Contaminated^?
» I 

Biotite

Figure . Modal plot shoving percentage of biotite and hornblende 

for granite samples. Number of superposed points shown.
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Other 
minerals

Hornblende Biotite

Figure   Modal plot showing percentage of biotite and hornblende 

for granodiorite samples.
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Hornblende

Other 
minerals

Biotite

Figure / . Modal plot shoving percentage of biotite and hornblende 

for tonalite samples. Number of superposed points shown.
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Figure ^ . Modal plot showing percentage of biotite and hornblende 
for quartz diorite samples.
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Modal averages of granitic bodies, Bishop district, 

east-central Sierra Nevada (Bateman, 1965)

Composite modal plots of granitic rocks 

Coast Ranges, California (Ross, 1972)

Modal plots of granitic rocks, central block, 

Salinian block* Oalifornia (Roes, 19?8)

Figure 11. Comparative modal data for the east-central

Sierra Nevada and the Coast Ranges, California



1
1
9
'3

O
' 

36
'O

O
*

1
1
9
*0

0
'

11
 S

'O
O

'
1

1
8

'0
0

*

3
5
'3

0
' 

h

35
'O

O
*

G
R

A
N

IT
E

G
R

A
N

O
D

IO
R

IT
E

T
O

N
A

L
IT

E

^V
J 

Q
U

A
R

T
Z

 
D

IO
R

IT
E

Fi
gu
re
 1

2.
 
Ar
ea
s 

un
de
rl
ai
n 

pr
ed

om
in

an
tl

y 
by
 g

ra
ni

te
 
(a

pp
ro
xi
ma
te
ly
 1

05
0 
km

 )
, 

gr
an
od

io
ri

te
 
(a
pp
ro
xi
ma
te
ly
 2

70
0 
km

2)
, 

to
na
li
te
 
(a
pp
ro
xi
ma
te
ly
 1

60
0 

km
2)

, 

an
d 
qu

ar
tz

 
di
or
it
e 

(a
pp

ro
xi

ma
te

ly
 1

75
 k

m2
) 

in
 t

he
 s

ou
th
er
n 
Si

er
ra

 N
ev
ad
a



APPENDIX

Modes, modal plots, location of modal samples, and index map of;

GRANITE of:
Arrastre Creek -
Baker Point
Big Blue mine area
Bishop Ranch ~:
Black Mountain
Bob Rabbit Canyon
Bodfish Canyon
Brush Mountain
Cannell Creek
Five Fingers
Kern River
Lone Tree Canyon
Long Meadow
Old Hot Springs Road
Onyx
Portuguese Pass
Robbers Roost
Saddle Spring Road
Sherman Pass
Tehachapi Airport
Tejon Lookout and Bean Canyon
Miscellaneous bodies, east side of the Sierra Nevada
Miscellaneous, mostly dikes

GRANODIORITE of: 
Alder Creek 
Alta Sierra 
Brush Creek 
Cameron 
Castle Rock
Deer Creek 
Democrat Springs 
Evans Flat 
Gato-Montes 
Hatchet Peak 
Keene 
Lebec
Lime Point 
Peppermint Meadow 
Pine Flat 
Poso Flat 
Rabbit Island 
Sacatar 
Sorrell Peak 
Wagy Flat 
Whiterock



TONALITE of:
Antimony Peak 
Bear Valley Spriags 
Carver-Bowen Ranch 
Dunlap Meadow 
Fountain Springs 
Hoffman Canyon 
Mount Adelaide 
Walt Klein Ranch 
Wofford Heights 
Woody 
Zumwalt Ranch

QUARTZ DIORITE 
Caliente 
Cyrus Flat 
Freeman Junction 
Long Valley 
Rhymes Campground 
Tehachapi Mountains 
Walker Pass 
Miscellaneous hypersthene-bearing rocks

MONZONITE
Erskine Creek
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MODES OF GRANITE OF BAKER POINT
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MODES OF ALASKITE OF BIG BLUE MINE AREA 

(not a map unit)
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MODES OF GRANITE OF BISHOP RANCH

Sample Plagioclase

3798A
3799
38436
3851
4053
4053FL
4068
407 5A
408 56
441 IB
4414
447 3C
4474
4475
4476
4478A
4563C

Auor> <tnfi________

Standard
deviation.

33
22
18
23
25
29
20
20.5
25
27
22
24
19
27
21
24
21
24
3.9

K-feldspar

42
39
45
39
42
38
43
42
38 s
36
39
38
43
45
38
36
41
40
2.9

Quartz

23
39
35
36
30
30
35
36.5
36
32
37
37
37
27
38
39
36
34
4.5

Biotite Opaqu* 
minerals

1 1
<l  
2
2
3
3
2 .
.5 .5

1
4 1
1 1
.5 .5

1
1
3
.5 .5

1 1
2 <l
1.1

Specific 
gravity

2.54
2.49
2.60
2.55
2.61
2.59
2.61
2.61
2.58
2.61
2.59
2.60
2.55
2.59
2.60
2.61
2.61
Z CQ  OO
.03

All
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MODES OF GRANITE OF BOB RABBIT CANYON
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Modal plot of Granite of Bodfish Canyon
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MODES OF GRANITE OF BRUSH MOUNTAIN

[All modes in volume percent; n.d. f not determined. A, altered to 
chlorite]

Sample

646
676
681
710

1 726
3005
3035
3037
3046
308 7A
3089
3102A
3110
3113
3130A
3146
3221
3881
3882
3887

Average     -
Standard
deviation

Plagioclase

29
31
27
32
28.5
32
35
28
36
38
34
29
30
31
21
19
30
28
28
30
30
4.5

K-feldspar

38
31
42
33
31
33
37
26
29
34
28
33
35
31
44
41
34
36
34
35
34
4.6

Quartz

31
35
30
32
36.5
31
26
44
33
27
32
35
31
34
31
38
33
31
36
32
33
3.9

Biotite

2
3
1
3
4
4
2(A)
2
2(A)
1(A)
6(A)
3
4
4
4
2
3
5
2
3
3
1.3

Specific 
gravity

2.59
2.58
2.60
2.59
2.62
2.62
2.59
2.62
2.60
2.60
2.62
2.62
2.62
2.61
2.59
2.60
2.61
n.d.
2.56
2.57
2.60
.02

1 Composite of samples 723 through 727.
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MODES OF GRANITE OF CANNELL CREEK
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MODES OF GRANITE OF THE KERN RIVER
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Granite of Long Meadow
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f!ODE OF GRANITE OF OLD HOT SPRINGS ROAD
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Granite of Old Hot Springs Road
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MODES OF GRANITE OF ONYX
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NODES OF G2ANITE OF PORTUGUESE PASS
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I-'odal plot of Granite of Portuguese Pass



20.
Kode

An of plagioclase (index oils)

20

2. 4

35-4S 1

Location of modal sar.ples of Granite of Portuguese Pass



Granite of Portuguese Pass
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KODZS OF ALASKITE OF ROBEE2S POOST

Kodal T>lot of Alaskite of F.obbers Roost
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Granite of Saddle Spring Road
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MODES OF GRANITE OF TEHACHAPI AIRPORT

Plagloclas* K-feldspar Ouartx Btotlte Garnet

3804A
4097
4098
4100A
4101
4106

Standard
* deviation.

26
31
28.5
22
25
27
Z6.5
3.1

40
32
38.5
42.5
38
36 '
38
3.6

32
35
30.5
33
35

-34.5
33
1.8

   

2
2
1.5
2
l.S
1.5
.8

2
<1

.5
I

<|
1
1

...

2.55
2.6*
2.61
2.60
2.58
2.59.
2.59
.02

Modal plots of Granite of Tehachapi Airport
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f:ODES OF GBAKITZS OF TEJOn LOOKOUT AND BEAN CAKYOK 

7EJOK LOCKOUT

[All modes in volume percent. Others: 0, opaque minerals; S. sphenel

Sample

647
666
6678
3307A
3308
3309
3313A
3315
3323
3329
3330
3339
3401
3457A
3458
3465
3466
3467
3469A
3473
3475
3476A
3480
3493
3495
3509
3512
3514
3741
375 2A
3755
3763A
3769
3771

Average    
Standard
deviation.

Plagloclase

27
38
28
24
31
22
32
28
21
19
16
22
40
31
30
18
31
39
33
26
34
36
34
26
28
28
28
28
29
14
37
30
27
30
28
6.3

K-feldspar

39
27
36
4?
35
42
36
40
44
46
52
37
24 .
37
35
46
32
35
29
41
25
27
33
34
33
36
37
36
41
50.5
39
30
38
36
37
6.6

Quartz

30
31
32
32
30
34
28
28
33
32
29
39
32
31
30
33
35
22
35
30
37
34
30
37
35
33
31
34
22
34
21
38
30
33
32
4.1

Biotite Others

4
4
4
2
4
2
4
4
2
3
3
2
4
1
5
3
2
4
3
3
5
3
3
3
4
3
4
2
8 <1(0), <1(S
1 .5(0)
2 1(0)
2
5
1
3
1.4

Specific 
gravity

2.59
2.64
2.67
2.61
2.59
2.59
2.60
2.60
2.59
2.60
2.60
2.60
2.60
2.57
2.61
2.62
2.62
2.62
2.60
2.60
2.60
2.62
2.58
2.61
2.62
2.61
2.60
2.58

) 2.63
2.60
2.60
2.60
2.61
2.59
2.61
.02

BEAN CANYON

[All modes in volum* percent. It. muscowite]

Sample

3828 
4016 
4032

Plagioclase

37 
30 
34

K-feldspar

21 
35 
27

Quartz

42 
34 
36

Biotite

KM) 
1 
3

Specific 
gravity

2.58 
2.61 
2.60

Average 34 28 37 2.60

All
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Granites of Tejon Lookout and Bean Canyon
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MODES OF MISCELLANEOUS GRANITES ON EAST SIDE OF THE SIERRA NEVADA
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Modal plot of miscellaneous granites on the east side of the Sierra Nevada
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Modal plot of Granodiorite of Alder Creek
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Granodiorite of Alder Creek
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Modal plot of Granodiorite of Alta Sierra
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MODES OF GRANODIORITE OF BRUSH CREEK
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MODES OF GRANODIORITE OF CAMERON

Sample

3773 
4048 
4047 
4048 
4061 
4062A

A\i A r*AnA_ ______

Standard 
deviation.

Plagloclase

50 
51 
46 
49 
45 
43
47

3.5

K-feldspar

6 
15 
19 
14 
26 
23
17 
7.1

Quartz

26 
21 
28 
23 
23 
23
24 
2.5

Blotite

15 
10 

5 
9 
5 

10
9 
3»7

Hornblende

3 
3 
2 
5 
1 
1
3 
1.5

Specific 
gravity

2.67 
2.64 
2.65 
2.66 
2.63 
2.66
2.65 

.01
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MODES OF THE GRANODIORITE OF CASTLE ROCK
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MODES OF GRANODIORITE OF DEER CREEK
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MODES OF GRANODIORITE OF DEMOCRAT SPRINGS
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MODES OF GRANODIORITE OF EVANS FLAT
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MODES OF GRANODIORITE OF GATO-MONTES

[An modes J« voline percent; r».<1.. «ot <1eter"ii"e»i. 
Muscovite; 0. opaque minerals; S, sphene]

A ( allanite; C, clinopyrpx<>n<>; M,

Sample

662
663
664
667A
3310C
3316
3317
3322
3340
3356
3357
33710
3372
3373
3377
3389
tot*
348 1A
348 3A
3492
3498
3499
3502
3505
3508
3515
3517
3521
3523
35348
3733A
3734A
37348
3740
3745
3746
3747A

«3754
3756
3756-1
3757-4A
77S7-6
*7$2B(?)
37638(?) 
3766(?)
3818 
3819
3820
3829A
38296 
3830 
'4004A 
'4004C 
4005A
4006
4013 
4014
4018

1 4026
'4027
4028
4029
4031
4034

Average       
Standard
deviation.

Plagloclase

50
57
53
44
51
53
53
52
44
57
60
52
53
58
51
43
63 
52
62
53
51
63
56

. 60
40
42
63
43
49
52
56
56
55
57
52
41
55.5
47
53
42
42
50
56
56 
62
52 
52

***
42
51 
54 
58 
60 
45.5
54.5
43 
49
45
50
55
44
47
46
49
52 
6.0

K-feldspar

4
8
14
21
15
12
15
13
13
6
5
8
6
7

11
19
6

10
2

12
17
7
9
8
24
22
2

15
9

15
2
9
9
7
14
22.5
10
16
19
28
27
?0
1
8 
6
7 
7

17
18
18 
16 
9 
3 

14
6.5
19 
15
21
15
16
21
19
19
15
1Z 
5.9

Quartz

?8
22
23
24
30
23
20
27
28
25
21
32
29
23
31
31
28 
24
20
22
21
17
21
24
28
28
17
26
22
23
18
21
22
21
20.5
25.5
19
20.5
23
25
17
16
32
18 
17
23 
26
29
34
23 
22 
19 
13 
23
20
29 
25
28
17
14
?3
20
16
23
74
4.8

Blotlte

lo
10
10
10
4
8
8
8
8.5

11
13
8

11
11
7
7
3

10
16
9
8
12
10
8
8
A
13
13
15
9
22
13
12
13
13
10
9.5
8.5
5
5
14
11
11
14 
14
9 

11
8
6
8 
8 
7

10
14
17
8 

11
6

10
7

10
11
15
10
10 
3.3

Hornblende

3
3
 
1

...
4
4
  
6.5
1
1

1
1

...

...

3
<1
4
3
1
3

<1
...
<1
5
3
5
.5

1
1
2
1

...
1
5
8

...
1IL_.

3

4 
1
8 
4

<1

7 

3.5
2

   *

8
8
2
3
4
1
? 
1.9

Others

...
 
 
...

<KC)

...

...
<1(C), <1(S)

...

...
<1(C). <1(M)

...

KS)
<1(M). <KS)

<1(S)
<KS)
<1(S)
KS)

<1(H)

<KS)
<KS)
<1(S)
...
.5(5)

<1(A), KS)
<1(0). <1(S)

KS)
.5(5)

<l(0)ri(S)

<KS)

WWW

_
...
KS) 
<KS)
<1(A)

<KS) 

<KC)

...
KS)

_

...
_
...

2(S)

"Spec if ic 
gravity

2.68
2.68
2.61
n.d.
n.d.
2.fi9
2.67
2.66
2.70
2.68
2.70
2.66
2.68
2.fi9
2.66
2.64
2.64 
2.71
2.72
2.69
2.68
2.70
2.70
2.66
2.64
2.66
2.71
2.69
2.71
2.69
2.71
2.66
2.67
2.625
2.67
2.65
2.69
2.65
2.61
2.70
2.69
2.^9
?.6<J
2.7?
?.fi3
2.71 
2.69
? £ T .0 J

?.K4
2.6S 
2.65 
2.69 
2.76 
2.71
2.71
2.62
*) £Q£ *n^

? £ T   0 1

2 £Q
  07

2.70
2.66
2.67
2.71
2.68
2.67 
.03

»Sa«ple contam1nated(?) ; not used In calculation of averages.
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MODES OF GRANODIORITE OF HATCHET PEAK
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MODES OF THE GRANODIORITE OF KEENE

[All »od«s in vo'wne percent. Others: £. ganet; 0, opaque minerals; J, sphene]

sample Plagioclase

3538
3539
35448
3590C
3512
36^ A
3553
?587
3589
3595
3597
3704
3'24A
3782
3783
3737
37«8A
3794A
3815
3859A"£*'1&

3968A
3970
4121
4122
4468
4»69

Average --------
Stinaard

deviation.

34.5
48
48
38
51.5
40
50
46
58
49
47
47
50
44
49
50
38
42
62
3*
4^
51
55
32
42
42
40
45
46
7.0

K-feldspar

19
7.5

12
15

.5
15

1
14

3
11

7
...

1
19
6
...
17
20
...
20
9
 4-

1
16
18
18
23
24
10
8.1

Quartz

38.5
31
25
38
39
34
36
20
28
27.5
33
46
39
25
35
41
33
31
28
37
3f
30
33
42
32
32
28
24y$
6.0

Biotite Hornblende

 
8

15
7
6
9

13
12
8
9.5
6
3
7

12
10

9
9
5

10
3
6
10

10
9
7
5
9
7
8.5
2.8

5.5
 
2
3
2

8
3
3
7
4
3
...
...
...
3
2
...
6
s
5

...

...

1
3
...

2.r
2.4

Others S <>ec1 "f ; c 
gravity

2.64
7.70
2."57
2.62
2.68
2.65
2.63
2.69

<1(S) 2.67
2.68

<1(0). <1(S) 2.69
2.66
2.64
2.62
2.61
2.65
2.61
2.66
2.68
2.65
£70

""" 2 *g
KG) 2.61

2.68
2.65
2.61
2.63
2.62

-"="- 2.65
.03

Modal plots of the granodiorite of Keene

A128
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Location of modal samples of Granodiorite of Keene
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MODES OF ORANODIORITE OF LEBEC

[All modes In volume percent; n.d., not determined. 
muscovlte; 0, opaque minerals; S, sphene]

Others: A, allanlte; C, cllnopyroxene; H,

Sample

643
660
673
674
679A
680
682
683
686
687
688
690
691
692
693
694
695
696
697
698
 99
700
701
702
706
707
712
713
779
780
FH>1
3047
3048
3053
3054
3056
3069
3078
3079
3081
3086
3088
3132
3138A

-314?
J145
3148
316?
3181
3185
3190
3193
3195
3197
3203
3204
3208
3211
3212
3213
3217
3222
3262
3263
3888
3890
3891

Average-   
Standard
deviation.

Plagloclase

50
49
48
48
43
47
44
53
45
49
51
48
34
48
49
47
47
41
49
41
57
49
49
52
58
52
47
48
52
60
47
56
62
49
48
45.5
41
44
50
56.5
43
58
SO
32
63
40
56
46

, 51.5
51
50
47
53
45
44.5
5?
45
44
58
56.5
40
48
54
52
47
45.5
54

'  *y.5
7.3

K.feldspar

19
15
15
16
21
15
22
6
18
12
12
15
26
14
10
14
16
19
12
17
4

13
6
9
2
9
20
16
7
1

12
6
1

12
6
11.5
21
17
14
9
18
12
15
24
7

15
2

14
8
7.5

11
13
10
11
15
9
17
19
7

11.5
23.5
15
7

10
16
17
7

JJ
6.9

Ouartz

20
25
25
21
28
28
29
27
26
27
22
27
28
26
27
23
25
24
26
27
24
22
30
24
18
23
28
26
29
27
24
26
20
22
30
34
25
30
24
21
30
18
25
36
17
33
26
27
27
28
30
27
?1
26
28.5
24
33
30
21
18
29
30
22
25
23
23
22  zr  
4.7

Blotlte

11
11
11
14
7

10
5

14
10
11
15
8
11
11
14
13
10
13
13
13
15
14
14
1?
19
14
5
10
12
12
17
10
16
16
15
9
10
8
10
10
9
7
9
8
12
12
16
11
11.5
12.5
9

12
14
17
10
13
4
6
11.5
13
7.5
7
17
12
12
11.5
15
11.5
3.6

Hornblende

...

...
1
1
1

<1
...
...
1
1

...
2
1
1

...
3
2
3

...
2

...
2
1
1
3
2
...
...
...
<1
<1
2
  /
1
1

...
3
1
2
3.5

...
4

...

...
1

...

...
?
2
1

...
1
2
1
2
2

...
1
2.5
1

<1
<1
...
1
2
3
2    I     

1.1

Others

<!(*) ~
...
<1(M)
...

<1(M)
<!(*.")

<liAi
<1(M)

! A)M)
...
...
<KC)
...

<1(C)
...

<1(C,N)
<1(A)
...
<1(A)

<1(C,M)
...
2(C)
...

<1(C)
...
...
...

<i(O, KM)...
...
...

<!(*)
<KS)

<1(S)
...
<1(A)
...

<1( A,S)
l(S)
US)

<HA"O,S)
...

<1( A)
<1(A)
...

<!(*)
...

<1( A)
<!(*)
...
...
...
...

<1(A)
<1(A)
...
...
<KS)
...
...

<1( A)
...
<1(A)
...
...

Specific 
gravity

2.69
2.62
2.67
2.72
2.65
2.68
2.64
2.67
2.68
2.68
2.71
2.67
2.66
2.67
2.68
2.71
2.65
2.68
2.68
2.68
2.69
2.69
2.63
2.70
2.69
2.70
2.65
2.67
2.68
2.71
2.71
2.70
2.72
2.70
2.70
n.d.
2.66
2.67
2.68
2.69
2.65
2.70
2.65
2.64
2.68
2.63
2.68
2.66
2.67
2.68
2.68
2.68
2.68
2.65
2.63
2.67
2.66
2.64
2.685
2.70
2.65
2.66
2.69
2.69
2.68
2.68
2.69
2.68
.02



MODES OF FINE-GRAINED FACIES(?) OF GRANODIORITE OF LEBEC

Sample

721
722
3115
3118
3119
3125
3127
3136
3164
3167
3169
3186
3225

Average ......
Standard
deviation.

Plagloclase

42
41
33
48
42
30.5
44
38
48
43
46
31
45
41
6.0

K- feldspar

31
31
26
13
21
30
22
26
20
25
21
38
18
25
6.6

Quartz

23
22
39
34
34
37
31
32
28
27
28
29
33
30
5.0

Blot ire Hornblende

4
6
2
5
3 <l
2.5 <1
3
4
4
5 <1
5
2
4
4
1.3

Specific 
gravity^

2.63
2.65
2.62
2.66
2.63
2.60
2.62
2.62
2.655
2.64
2.65
2.61
2.61
2.63
.02

MODES OF FELSIC MARGINAL FACIES(?) OF GRANODIORITE OF LEBEC

Sample Plagloclase K-feldsp«r Quartz Blotlte Others

678
3010
3012A
3138A
3879  
3«80 '

Standard
deviation.

33
33
31
32
29.5
29
31
1.7

28
22
28
24
31
34
28
4.4

34
42
37
36
36
31
36
3.6

5 <1(
3
4
8
3.5
6
5
1.9

X) 2.64
2.63
2.62
2.64
2.59
2.60 .
2.62
.02

Others: M, Muscovite]

AttZ.
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4eU*f«r

Modal plots of Granodiorite of Lebec
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Modal plots of fine-grained facies(?) of Granodiorite of Lebec

Modal plots of felsic marginal facies(?) of Granodiorite of Lebec
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Granodiorite of Lebec



MODES OF GRANODIORITE OF LIME POINT

4833 46
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55

14 

Zl
5

?«*qrtl BloTTli

35 5

Z\ l<\

q vtxv
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2.62
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7.0 18

Modal plot of Granodiorite of Lime Point
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MODES OF GRANODIORITE OF PEPPERMINT MEADOW
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Modal plot of Granodiorite of Pine Flat
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MODES OF GRANODIORITE OF POSO FLAT
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MODES OF GRANODIOKITE OF SACATAR
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Modal plot of Granodiorite of Sacatar
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Location of modal samples of granodiorite of Sacatar d
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MODES OF GRANODIORITE OF SORRELL PEAK

[All modes in volume percent, tr, trace; n.d., not determined]

Sample

4363B
4366
4368
4369
4372
4373
4376B
4377
4381
4567
4570

Standard
deviation.

Plagioclase
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38
40
43
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39
46.5
46
4d
4.0

K-feldspar

26
19
30
26
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gravity
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2.66
2.64
2.65
2.61
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2.66
2.68
2.66
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n.d..
2.65
.02

/A/62.
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Location of modal samples of Granodiorite of Sorrell Peak
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 Texture and mineral content similar to other Wagy Flat 

samples, but a somewhat lower 7Sr/^6Sr ratio suggests 

to R.W. Kistler (written commun., 1986) a closer 

affinity to the presumably closely related 

Granodiorite of Alta Sierra.
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MODES OF WHITEROCK FACIES OF THE GRANODIORITE OF CASTLE ROCK
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Modal plot of Whitepock facies of the Granodiorite of Castle Rock
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MODES OF TONALITE OF ANTIMONY PEAK

[AH modes in voljne percent. Others: E, epiiot*; S, sphene]
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Modal plot of Tonalite of Antimony Peak
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Tonalite of Antimony Peak



MODES OF TONALITE OF BEAR VALLEY SPRINGS

4ll nodes 1* volume percent; n.d., not determined. Others: A. allanlte; C. cllnopyrqxene; G, 
garnet; 0, opaque minerals; S, sphene]

Sample

341?
3413
3427B
3429A
3444
3557
3559
3565
3571
3573
3575
3576
3578A
358 ?A
3586A
3600B
3621
3628
363*
36Jfl~lM
3£50- 8B
365* -M
9614-3

3650A
3656
3664
3667
3668
3669
3670
367?
3674
3678
3683
3690A
3691
3693
3694
3698
3699
3715
3718
3728A
3791
3792
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3816
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3838
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3840
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3872
ltTO-4-
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gravlfy
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?.66
2.70
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?.7?i
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n.d.
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Modal plot of Tonalite of Carveii-Bowen Ranch
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Modal Plot of tonalite of Dunlap Meadow
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MODE OF TONALITE OF FOUNTAIN SPRINGS
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Modal plot of Tonalite of Fountain Springs

/1193



Lo
ca
ti
on
 o

f 
mo

da
l 

sa
mp

le
s 

of
 T
on

al
it

e 
of

 F
ou

nt
ai

n 
Sp

ri
ng

s

\ \



Tonalite of Fountain Springs



MODES OF TONALITE OF HOFIMAN CANYON

[All modes In volume percent, tr. trace; n.d., not determined. 
0. opaque minerals; S, sphere.

Others: C, cllnopyroxene;

Sample

3842A
384 3A
3844
3845
3846A
3849A
4379
4382
4390
4392
4393
4395
4398B
4400
4401
4509A
4 5098
4536
4542
4554
4555A
455SB
4557

Standard
deviation.

Plagloclase

59
45
49
48
46
58
56
51
52
54
57
57
64
49
44
47
45
51
49
53
46
46
49
SI
5.4

K-feldspar

3
12
5
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11
7.5
2
6
3
1

...

...
1
9
15
19 .
15
<1
...
...
tr
...
12
5
5.9
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11.5
17
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19
12
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13
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27
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4.3
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15
14
13
17
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11
16
18
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12.5
22
17
16
11
11
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19.5
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22
22
13
17
3.6
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5
5
8
3
4
5
13
6
8
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4
8
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10
5
4
9
6.5
5
ft
7
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Others
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US)
...
...
4(C)
.5(0)
...
...
...
...
...
...
3(0

...
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Specific 
gravity

2.74
2.70
2.70
2.70
2.73
2.77
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2.72
n.d.
2.71
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2.71
2.72
2.60
n.d.
n.d.
2.78
2.75
n.d.
2.74
2.73
.03



Modal plots of tonalite of Hoffman Canyon
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Tonalite of Hoffman Canyon
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MODES OF TONALITE OF MOUNT ADELAIDE
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MODES OF FINE-GRAINED FACIES OF TONALITE OF MOUNT ADELAIDE
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Separate bodies of Tonalite of 
Mount Adelaide only slightly 
different in the field. Somewhat 
more mafic minerals in the north­ 
ernmost body. Hornblende absent 
in most samples in the two southern 
bodies. Fine-grained facies : generally 
resembles Granodiorite of Alta Sierra 
to the north, but contrastingly has 
very sparse K-feldspar.

Mode

Mode of fine-grained facies

Location of modal samples of Tonalite of Mount Adelaide 
(line-grained facies shown by dotted pattern)





MODES OF TONALITE OF WALT KLEIN RANCH
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Modal plot of tonalite of Walt Klein Ranch
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MODES OF TONALITE OF WOFFORD HEIGHTS
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MODES OF TONALITE OF WOODY
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MODES OF TONALITE OF ZUMWALT RANCH
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Tonalite of Zumwalt Ranch
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10+-1

The Quartz diorite of Caliente ranges widely from rocks composed 

solely of plagioelase and hornblende (almost surely derived from gabbro) 

to tonalitic rocks that are similar (possibly gradationa]) to the 

Tonalite of Bear Valley Springs.

Location of modal samples of Quartz diorite of Caliente
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Quartz diorite of Caliente
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MODES OF UNIT * B" OF FOX (198l)

S«*f/« 1 I 1 
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15-627 ; 4O - 12. 26 2/t

15-625 35 ~ 12. ZZ 26

T5-63Z ; 47 i 13 23 12

IS-636
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IS-64Z

Is- 643

IS -644

TS-646

15-647

15-651

JS-7234

IS-725

£5-734

IS -418

39 3 /6 £5 13

45 Z 21 23 <5

4*? 1 // 2.5* 9

65 ~ 7 '/ 2

55 2 7 17 -

44 (7 »3 13 4-

So 7 /o 16 /3

45 <( 9 23 /?

46 13 '6 \i 13

4? <! Z2 H /O

45 </ a z* 21

5? 3 /3 /5- <?

U e
_ - - /

2. 3

- i , - -

1 I 1 1

- * ~ - /

4 - - 1

7512-

6/3 - - -

- 6 f 2 -

- 3 - /

- - / - -

  --._-.

2.

  - - / /

  - - ^ -
AO a / ^ 7^ /9 / 9 *l 1 *l

Fox (1981) recognized two distinct units, OB th« baaia of petrography 

and chemistry, in the Quartz diorita of Cyrus Flat. Unit "A" 

OB the west aid* of the body, essentially leucocratic gabbro to 

gabbro norite, was distinguishad froa Unit "B", which constitutes 

the great bulk of tha Quarts diorita of Cyrus Fiat.

X1Z26



MODES OF UNIT A OF FOX (1981)

^Ilcr
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63 6 25 2

57 <  <l 2 25 6

1

< 1

<l 2

I 4

6 <, < 

2 1 3

2-2

/ - 6

So <»

IS Modes based on 500 counts on each of two thin sections per sample

  ' Chlorite in samples (from 2 to 11 percent); lumped here with biotite 
from which it is presumably derived

Triangular plots suggest possible affinity with Unit "B" 
(abundant biotite and presence of quartz)



PARTIAL MODES OF L. G. COLLINS SAMPLES
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ofor

See index map for meaning of symbols

Modal plots of Quart* diorite of Cyrus Flat

A



Modes

O Ross samples
* " 

m Samples of unit A (Fox, 1981)
\x ff

  Samples of unit B (Fox, 19ol)

A Samples of L.G. Collins (written comraun., 1983)

35* 45'

Location of modal samples of Quartz diorite of Cyrus Flat
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MODES OF QUARTZ DIORITE OF FREEMAN JUNCTION

Other
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2Z553Z IS2 n (5 /O
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JLL
 5^ 1±

61 10 13

51 13 16 /2

58 3 II

Ss 33

/2 12

3.

Texture somewhat similar to Walker Pass body
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Modal plot of Quartz diorite of Freeman Junction
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Location of modal samples of Quartz diortte of Freeman Junction
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Quartz diorite of Freeman Junction
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MODES OF QUARTZ DIORITE OF LONG VALLEY

6505 
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Modal plot of Quartz diorite of Long Valley



Sr ratio much lower than the Granodiorite of 

Sacatar to the east, which it in part resembles 

physically. Some resemblance physically and 

isotopically to the Quartz diorite of Freeman Junction.

35'

Location of modal samples of Quartz diorite of Long Valley



Quartz diorite of Long Valley
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MODES OF QUARTZ DIORITE OF RHYMES CAMPGROUND -
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Modal plot of Quartz diorite of Rhymes Campground



Texture and mineral content suggests this may be a remnant of 
Caryer-Bowen Ranch body, but alternatively may be related to 
the hypersthene-bearing tonalites to the south.

o I Z Km 
* i____i

Location of modal samples of Quartz diorite of Rhymes Campground
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MODES OF QUARTZ DIQRITE OF THE TEHACHAPI MOUNTAINS 
(not a map unit)

[AH nodes In volwt percent; n.d., not determined. 
Minerals]

Others: G, garnet; 0, opaque

Sample

3097
309 8A
3098B
3100
3246
3252
3254A
3266B
3266-1
3268
3270
3?76
3?«3
3?rtSA
3?«SB
3301A
3333
334S
3359A
336UA
3400B
3407A
3419A
3430
3431
3432A
3435A
3439A
3442
3448A
3552A
3572A
3605
3651
3709
3710
3729
3730A
3777
379J.
3«95B
3899A
3950
4009
4045A
419PA

Average     -
Standard
deviation.

Plagloclase K-feldspar

53
47
44
so
53
48 >1
50
49
53
53
56
69
62 'l
65
66
55
55 'l
41
56
69
60 <1
69
68
50 <1
52
52
56 '<!
47
53
57
51
54 <1
55 '3"~" 60

44
44
54
50 1
56
48
48
57.5
54
51
48 6
65
 $4 S *~t
7.o

'Late velnlets.
Chlorite
'Includes

»

epldote.

Quartz

8
8
5
7

11
21
8
9

<1
1

<1
4
13
3
3

10
12
2

19
...
15
6
14
16
15
17
11
2
15
14
7

14
15
10
16
21
10
15
10
23
5

11
12
9

16
I?
fQ e' '

J~.*¥

Blot He

3
6
3

...
6

10(1)
2
2

...
1

»4
...
6
3
1
3
2
1
2

...
*1

1
3

1?
7
7
3
2
3

11
11
12
6
10
15
12
6

13
12
10
...
8
8
5(?)
6
1

5.5
4-3

M Some colorless to
* Brown
  Minor

Hornblende

36
39
48
43
30

40
40
47
43
40

3 27
18
29
30
32
30
56

"23

31
24
?4
14
22
26
24
30

5 4q
fc 29

18
31
20
21
20
25
23
30
21
22
19
47
18.5
26
35
24
2?

£1-5
_
7.£

pale.

Others

..

...
_.
..
..
._
..
..

2(0)

...

...

...

...

...

...

...

..
__
..
__
..
  
 
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
5(G)
...
...
...
...
...
...

Specific 
gravity

2.85
2.R6
2.87
2.89
2.84
2.76
2.85
2.90
2.84
2.89
2.89
2.79
2.81
2.86
2.85
2.85
2.79
3.02
2.79
2.84
2.81
2.81
2.75
2.B3
2.79
2.81
2.82
2.85
2.81
2.76
2.83
2.7ft
2.76
n.d.
2.80
2.80
2.83
2.82
2.83
2.76
2.80
2.81
2.79
2.84
2.73
2^.77
2.82
.05

and pale actlnoHte.
clinopyroxene and actlnoHte.

A 24 2
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Modal plots of Quartz diorite of the Tehachapi Mountains
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MODES OF QUARTZ DIORITE OF WALKER PASS
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Ho~llo.de

\ \
Modal plot of Quartz diorite of Walker Pass



45"

o a « 
  i __j

Location of modal samples of Quartz diorite of Walker Pass 

(squiggly pattern indicates strongly foliated part)



Quartz diorite of Walker Pass
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MODES OF MISCELLANEOUS HYPERSTHENE-BEARING TONALITES AND QUARTZ DIGRITES

unit)

Sample 'lagioclase Quart z Biofte

Tonalite to

33$X
330
3-1 -iO
3441

3593
3594
3595
?596A
y$2

^ 3??6
39 9 9C

© 4/66 B
420^
44238
4429

Average------
Standard 

deviation.

57
52
56 
54
61
60
48
52
54

 4^
49
H
62
50
62

" 96

6.4

13
18
12 
18
16
10
21
16
14
to
10
13
14

5
3

13

...

7 
8

<1
5

11
11
...
tfr 

10
4-

__ 4

4
3
5

42.

Hornblende

quartz diorite

23
25
18 
18
16.5
19
18
21
26
29*
16.5

?
12

30
1?
/?

<0

Hyperst*ene J ^

7
5
7 
2
6.5
5 1
2 <1

<1
6
2. <|
14.5

9 ^'
8

10 1
18 1
7 *'

*.8

Specific 
gravity

2.53
?.^2
2.82 
n.d.
2.78
2.32
2.81
2.HQ
2.30
f>.4
?.79

2.70

2.91
2.39
2.51

-05"

Called anorthositic gabbro in the field, but significant quartz »" 

andesine plagioclase suggests It is related to tonalites, although 

it is relatively poor in biotite and hornblende.

2l Inclusion from Loop inclusion swarm (Ross, press)



:.; / , . \ .A   / ./. \ , 1

Percentage of hypersthene indicated 

for each sample

Modal plots of miscellaheous hypersthene-bearing tonalites and quartz diorites

/|250



- 35°oo'

Both Pampa and Curamings bodies contain in addition some mafic 

and ultraraafic remnants (Ross, 1987

Location of modal samples of miscellaneous hypersthene-bearing tonalites and 

quartz diorites
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MODES OF MONZONITE OF ERSKINE CREEK
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Modal plots of Monzonite of Eiskine Creek
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-J-3SMS1

Strongly foliated rocks that may be related to 
the metavolcanic pendant along Erskine Creek

Location of modal samples of Monzonite of Erskine Creek



Monzonite of Erskine Creek


